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FRQWUDU\ H[WHQVLYH GDPDJH OHDGLQJ WR GLVFRQWLQXRXV SURFHVVHV OLNH WKH FUHDWLRQ RI IUDFWXUH QHWZRUNV DQG
IUDJPHQWDWLRQ DUH UDWKHU GLIILFXOW WR EH UHSURGXFHG 7KLV OLPLWDWLRQ IRVWHUHG WKH GHYHORSPHQW RI GLVFUHWH HOHPHQW
WHFKQLTXHVZKLFKFRQVLGHUODUJHDVVHPEOLHVRIXVXDOO\ULJLGDQGVLPSO\LQWHUDFWLQJSDUWLFOHVZLWKFRQWDFWSDWWHUQV
WKDWFKDQJHFRQWLQXRXVO\DVWKHRYHUDOOV\VWHPGHIRUPV7KLVPHWKRGRORJ\LVRIWHQDSSOLHGWRJUDQXODUPDWHULDOVDQG
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RIDVPRRWKVHSDUDWLRQVXUIDFHEHWZHHQ WKHFRDWLQJDQG LWV VXEVWUDWHZKLOH WKHSDWWHUQ LV VOLJKWO\VFDWWHUHGE\ WKH
LQWHUIDFHURXJKQHVV5HVXOWVFORVHUWRWKHH[SHULPHQWDOIRUFHSHQHWUDWLRQFXUYHVDUHREWDLQHGIRUVPDOOLQWHUQDOIULFWLRQ
DQJOHVZKLOHWKHIUDFWXUHHQHUJ\YDOXHGRHVQRWLQIOXHQFHWKHRXWSXWLQDVLJQLILFDQWPDQQHU+RZHYHUWKHDQDO\VHV
DUUHVWDWWKHRQVHWRIPDWHULDOVHSDUDWLRQHYHQLQWURGXFLQJDFRKHVLYHLQWHUIDFHLQWKH)(PRGHO
7DEOH0DWHULDOSDUDPHWHUVLQWKHFRQWLQXXP)(PRGHO
&RPSRQHQW <RXQJ¶V
PRGXOXV>*3D@
3RLVVRQ
UDWLR
&RPSUHVVLRQ
\LHOGOLPLW>03D@
,QWHUQDO
IULFWLRQDQJOH
+DUGHQLQJ
H[SRQHQW
+DUGHQLQJ
PRGXOXV>03D@
)DLOXUH
VWUDLQ
)UDFWXUH
HQHUJ\>1P@
&RDWLQJ    ±    ±
6XEVWUDWH        
5 Gabriella Bolzon and Ruohan Zhang /  Procedia Engineering  109 ( 2015 )  3 – 7 
7DEOH0DVVGHQVLW\DQGLQWHUIDFHSDUDPHWHUVLQWKHFRPELQHGILQLWHHOHPHQWGLVFUHWHHOHPHQWDSSURDFK
&RPSRQHQW 'HQVLW\
>NJP@
7HQVLOHVWUHQJWK
>03D@
6KHDUVWUHQJWK
>03D@
)UDFWXUHHQHUJ\
>1P@
)UDFWXUHSHQDOW\
>03D@
&RQWDFWSHQDOW\
>03D@
&RDWLQJ     î±î ±
6XEVWUDWH     î±î ±

7KHGLVFUHWL]HG GRPDLQ YLVXDOL]HG LQ )LJ ZDV LPSOHPHQWHG LQ WKH FRPELQHG ILQLWHHOHPHQW GLVFUHWHHOHPHQW
UHVHDUFKFRGH<GHYHORSHGE\0XQML]D>@,QWKLVFDVHWKHEXONUHVSRQVHRIHLWKHUWKHFRDWLQJDQGWKHVXEVWUDWHZDV
DVVXPHGOLQHDUHODVWLFZKLOHDOOLUUHYHUVLEOHSKHQRPHQDZHUHDWWULEXWHGWRWKHFRKHVLYHLQWHUIDFHVSODFHGDPRQJWKH
HOHPHQWVFKDUDFWHUL]HGE\WKHELOLQHDUUHVSRQVHVNHWFKHGLQ)LJDQGGHILQHGE\WKHTXDQWLWLHV
 t
t
f
h
p
VG  
 f
u t
t
G
G  G  
V
 Ah  
S
   
,QWKHDERYHUHODWLRQVKLSV tG DQG uG LQGLFDWHWKHUHODWLYHGLVSODFHPHQWLQFRUUHVSRQGHQFHRIWKHPD[LPXPVWUHVV
WUDQVIHUUHGE\WKHLQWHUIDFHDQGDWFRPSOHWHHOHPHQWGHWDFKLQJZLWKWKHFRQVWUDLQW u tG t G LPSRVHGE\<FRGH tV 
UHSUHVHQWVWKHPDWHULDOVWUHQJWKLQHLWKHUQRUPDORUWDQJHQWLDOGLUHFWLRQGfDQGpfFRQVWLWXWHWKHIUDFWXUHHQHUJ\DQG
WKHIUDFWXUHSHQDOW\UHVSHFWLYHO\ADQGhVWDQGIRUWKHHOHPHQWDUHDDQGFKDUDFWHULVWLFVL]H
7KHFRQVLGHUHGSDUDPHWHUYDOXHVDUHUHSRUWHGLQ7DEOH1RWLFHWKDWKLJKHULQWHUIDFLDOVWUHQJWKDQGWRXJKQHVVZHUH
DWWULEXWHGWRWKHGXFWLOHPHWDOVXEVWUDWH
$FRQWDFWSHQDOW\FRHIILFLHQWSUHYHQWVWKHLQWHUSHQHWUDWLRQDPRQJHOHPHQWVLQFRQWDFW
'LVSODFHPHQWVZHUHIXOO\FRQVWUDLQHGRQWKHERWWRPVLGHRIWKHLQYHVWLJDWHGUHJLRQȝPîȝPZLGH7KH
FULWLFDOO\GDPSHGG\QDPLFUHVSRQVHRIWKHFRQVLGHUHGPDWHULDOV\VWHPXQGHUXQLIRUPO\GLVWULEXWHGORDGZDVDQDO\]HG
LQSODQHVWUHVVFRQGLWLRQV7KHUHIRUHDTXDQWLWDWLYHFRPSDULVRQZLWKHLWKHUWKH)(RUWKHH[SHULPHQWDORXWSXWLVQRW
PHDQLQJIXO+RZHYHUWKHPDLQGDPDJLQJSKHQRPHQDREVHUYHGGXULQJWKHWHVWVZHUHUHSURGXFHGE\WKHFRPELQHG
ILQLWHHOHPHQWGLVFUHWHHOHPHQWDSSURDFK
)LJDQG)LJVKRZWKHGHWDFKLQJRIWKHFRDWLQJOD\HUPRVWO\VOLGLQJRYHUWKHPHWDOVXEVWUDWHDQGVRPHRSHQLQJ
GLVSODFHPHQWGHYHORSLQJ LQ WKHSLOLQJXS UHJLRQDURXQG WKH LQGHQWHU LPSULQW7KHVHSKHQRPHQDDUHDPSOLILHGDQG
VFDOHVDUHUHPRYHGDVWKHDQDO\VLVSURFHHGVZKLOHQRORFDOXQORDGLQJLVREVHUYHGDQ\ZKHUH7KHIRUPDWLRQRIDVHFRQG
PDWHULDOVHSDUDWLRQVXUIDFHLQWKHFRDWLQJWKLFNQHVVHYLGHQFHVVLJQLILFDQWVKHDUJUDGLHQWV
,QWKHVHQXPHULFDODQDO\VHVWKHLUUHYHUVLEOHPHWDOGHIRUPDWLRQGXHWRWKHGHYHORSPHQWRIODUJHSODVWLFVWUDLQVZDV
UHSODFHGE\ILFWLWLRXVUHODWLYHGLVSODFHPHQWVDWWKHLQWHUIDFHVDPRQJWKHGLVFUHWL]DWLRQHOHPHQWV7KHFRPSOLDQFHRI
WKHVXEVWUDWHXQGHUWKHLQGHQWHUWLSFRQWUROOHGE\WKHIUDFWXUHSHQDOW\SOD\HGDQHVVHQWLDOUROHRQWKHFRDWLQJIDLOXUH
PRGHVHH)LJDOWKRXJKQRVLJQLILFDQWLQIOXHQFHRQWKHUHVXOWVZDVREVHUYHGLQWKHSHQDOW\UDQJHîWRî
)LJ6LPXODWLRQDQGLQWHUIDFHPRGHOLQWKHDQDO\VHVSHUIRUPHGE\WKHFRPELQHGILQLWHHOHPHQWGLVFUHWHHOHPHQWUHVHDUFKFRGH<>@
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)LJ,QLWLDOPDWHULDOVHSDUDWLRQSDWWHUQPVWLPHIUDFWXUHSHQDOW\î
)LJ)UDJPHQWDWLRQRIWKHFRUURVLRQOD\HUPVWLPHIUDFWXUHSHQDOW\î
)LJ)DLOXUHSDWWHUQIRUIUDFWXUHSHQDOW\îPVWLPH
&ORVLQJUHPDUNV
7KHFDSDELOLWLHVRIDFRPSXWDWLRQDODSSURDFKEDVHGRQFRPELQHGILQLWHHOHPHQWGLVFUHWHHOHPHQWWHFKQLTXHVKDYH
EHHQWHVWHGRQWKHVLPXODWLRQSUREOHPRIWKHGDPDJLQJSKHQRPHQDLQGXFHGE\LQGHQWDWLRQRQWKHOD\HURIFRUURVLRQ
SURGXFWVIRUPLQJRQVDPSOHVRIRLOSLSHOLQHVWHHO
$SUHOLPLQDU\LQYHVWLJDWLRQZDVSHUIRUPHGRQDURXJKLGHDOL]DWLRQRIWKHUHDOPDWHULDOV\VWHPLPSOHPHQWHGLQWKH
UHVHDUFK FRGH< GHYHORSHG E\0XQML]D >@ 'HVSLWH WKH VHYHUDO OLPLWDWLRQV RI WKH FRQVLGHUHGPRGHO WKHPDLQ
REVHUYHGIHDWXUHVRIWKHH[SHULPHQWDOUHVSRQVHZHUHUHSURGXFHGLQFOXGLQJWKHUHPRYDORIVFDOHVLQFRUUHVSRQGHQFH
RIWKHSLOLQJXSUHJLRQDURXQGWKHLPSULQWOHIWE\WKHLQGHQWHUWLSRQWKHVDPSOHVXUIDFH
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$TXDQWLWDWLYHFRPSDULVRQZRXOGUHTXLUHWRUHSODFHWKHSODQHVWUHVVFRQGLWLRQVZLWKDQD[LVV\PPHWULFVLPXODWLRQ
RUWRSHUIRUPDPRUHGHPDQGLQJWKUHHGLPHQVLRQDODQDO\VLV7KHLQWHUSOD\DPRQJWKHPRGHOSDUDPHWHUVZKLFKJRYHUQ
WKHUHVSRQVHRIWKHLQYHVWLJDWHGPDWHULDOV\VWHPVKRXOGEHHYLGHQFHG
7KHILFWLWLRXVUHSUHVHQWDWLRQRIWKHODUJHSODVWLFGHIRUPDWLRQGHYHORSLQJRQWKHVXEVWUDWHE\UHODWLYHGLVSODFHPHQWV
DWWKHLQWHUIDFHDPRQJWKHGLVFUHWHHOHPHQWVVKRXOGEHDOVRYDOLGDWHG,QWKHSUHVHQWFRQWH[WKRZHYHUWKHIRFXVRIWKH
DQDO\VLVLVRQWKHFRUURVLRQOD\HUDQGRQWKHDGKHVLRQZLWKWKHXQGHUQHDWKPDWHULDOZKLOHWKHGLVFUHWL]DWLRQRIWKHPHWDO
UHJLRQSOD\V WKHPDMRU UROHRI LQGXFLQJ UHDOLVWLF ERXQGDU\ FRQGLWLRQV DW WKH LQWHUIDFHEHWZHHQ WKH FRDWLQJ DQG LWV
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